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Thin Invention relates to a method and apparatus to* 
heating a* elongated space or a location containing an olongatod 
htator, Kore particularly, the Invention relates to m> electrical 
resistance heater for heating fttt ilondetod simtorroncan fcorohoio 
At ratOL which are different, at different depth* nt the borehole, 

:it la known to be benoiicial to elongated heaters 
auch 02 veil heater*, for heating intervale «?£ subtarranaan earth 
f o.tmnt lonx, pipo Interiors, or other elongated spaces. In various 
actuations, It Is desirable to heat such spaces at relative!? high 
id temperatures- tor relatively ions tiac«. Bonefricial rcoulto 
obtained by euch heating nay include pyrolialog oil shale 
formations, coking oil to consolidate unco a soli dated roaarvoix 
formations, coXing oil to forn electrically conductive oarbonlzed 
rones cspahle of operating as electrode* within a rcsarvotr 
formation, thermally displacing hydrocarbons derived froa oils or 
tare into production, locations, pretrc-ntin* foraation cf nydratoij. 
pr*uJ.pltat<;5, or the like in fluids which are being produced from 
wella and/or traivsultted through pipee, or tb* iiKe. 

The invention aittdto provide a heating apparatus vbich 
20 is capable of generating heat at different rates at dlffereut 
dftptUp in a well. 

In accordance irlth the invention there li provided In a 
process in vhioh eubtarrantan earth formations within an inturvnl 
(roro than ICO foet lon9 are heated to a temperature of more than 
66b°c. t eo that heat io injected aubetonUal.iy uoitontly into that 
interval/ an iaftrovoaient for constructing and installing a beater 
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bavinqr an alactrical cable heating section which la free of 
Rp.l.ices, coupri-aing* cofttftiUtftintf ntiiO hooting cablo section by 
compressive iy waging at least- one portion of a Junction- it** 
ele^tric-fil beating caJbla to reduce its sit* at said at lu&Rt or.© 
portion , said cable It at ieatr. as long as t.Ue *arr,h formation 
interval to ne Seated find comprises an axi&Ily allied, maLieahio, 
electrically conductive core cqrrounded by granular mineral 
insulation within a mstal Bhoath, ao that avasrsd portion venerates 
heat at a rata hieher than the uusvagtd portion; correlating the 

10 location Ot sold svaging W'ltfa tho pattern of boat conductivity in 
the earth formation interval ao that at leant one oompresaively 
waged portion of the cnola irs located alorts? the cable in a 
posit loo such that, when the cable in extended aionq tUe earth 
formation interval to be heatod, tbo compresaivoly *wngo4 portion 
is adjacent to a portion of the earth formation interval in which 
che heat conductivity is relottv&ly high, connecting o?iid 
selectively swayed heating cable section to at least one power 
supply cnble and spooling the Interconnected cables? and 
unspooling the interconnected cables into a velJbore along with a 

2D ?/e a yht- supporting metal conduit vbile periodically attach log the 
cable* to the conduit and extending the cables and conduit to a 
depth at which the conpresnively swaged portions of the cable are 
positioned adjacent to tho earth formations haviag a relatively 
high thermal conductivity. 

The invention elli now be explained In more detail »3tn 
reference to the ac company in g drawings , in which i 
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risrura X Is a throe-diraanDional illu»txatioi\ of an 
electrically conductive c*hie eoptMnlug svatjed and uo*vayod 
porclone suitable fox me In the prevent laventlcn. 

figure 2 sobesmtloally lllurtrate* t£e inux. filing ot an 
uloctrical xesiataoce beater vlthicj the well in accordance frith 
the preeent ttiveutlou. 
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Figore 3 shewn a splice between a metal-eheatfjeJ itwulawd 
poxur supply cable and a jnataL-sh/jfttbed insulated cable suitable A* 
a heeting element of the present inventiou. 

Figures 4 and S illustrate splices for electrically intar- 
5 connecting the coxVuctive cores of a pair of netaL-9haacthe3 mineral- 
insulated heating cables suitable uu. being cables in the present 
invention. 

tfigure 6 book® an electrical pewer supply ciroaiL suitable for 
use in the present invention. 

Ifl Tte present invention Is at leash in part premised on a 

discovery that the prDpertloa of an electrical conductor (ouch as a 
metal-sheathed solid iratHrial-ineulatfid electrically cocductive 
cable containing a single copper core) arc such that results of an 
application of oonpres3ive swaging to the outside of the metal 

15 sheath are transmitted through the insulaticn tu tho oore of: 
cable in a manner euch thit each of these colorants ore 
substantially eiatrjltasieajfily reduced ir\ ernes-sectional area by the 
saw -relative amounts. Tne reductions in the cable core crocaa- 
HGcttannl area can be controlled to cause the swaged portion of the 

20 cable to generate a significantly higher anoint ot heat per unit 

time than tbafc Which would hare been generated without the swaging, • 
avion at a substantially ioner temperature. 

In a prof erred cnbodiweut of the invention, such a swaging is 
done by a process oC rotary swaging, amounting to ocuprcssirjg the 

25 cable with ina«y blowa applied by rotating dies. Itotatlng swaging 
devioaa and techniques are known and ccnwrcially available. Buch 
TOchineB ccanonly contain two die? which Tecircmcate rapidly as a 
spindle in vnidi thay aru mounted ic rotated. A compressive rotary 
swaging operation involves a haransring action which has the sane 

30 beneficial mabcrial on metal a* forging. It prccucea a cesirsbXe 
grain structure resulting in an increased tensile straigth and 
elasticity. The oolxl (in tarperaeurel sveginn tends to work harden 
rtoflt aarfcallic raabarialfi. If deaired, such a hardening t«n bs icade 
more flexible by annealing. 
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in a rotary swacfiro; cperatica, the extent to which the ewaqei 
roaterial i ft reduced in cra3*-se.^ienal area can 1« controlled very 
accurately. For essiauplo, sinco a meta>ebaathsd eolid material- 
insulated oneper-OTad cdoctricaUy^conductivc cable hehpves as a 
f3 solid iraterial during a rotary swaging operation, such a cebte 
having a dlanotjer of trocn about 0.68 to 1.25 an can be awiged to a 
reduced diameter with au accuracy ox afcent pl.ua or minuu 0.0025 cm. 

figure 1 illustrates swaged and unswaxjed portions exf a cable 
preferred fior use in the present invention, iri tlie oabJ^ shown/ a 
10 etainloss Steel sheath 2 surrounds a mineral insulation 3 

consisting of highly oonprass^d grains of nwyneaium oxide and a 
Holid conductive core 4 of substantially pure cepper is 
concentrioaLiy surrounded by the insulation and sheath. In a cable 
of the type shown, where the inner and cutar diameters of the 
IS Rheatn 2 /ire 7,25 and 9 mu and the diaitoter of tbe cor* A ia 3 urn, 
iu the unsvraged portion , the c&hte may generate a temperature at 
about 600 <C r *hen oonductiny L80 cwpentes of altecnatlng currerrt. 
However, in a swaged portion of tl« cable having a diameter reduced 
by Iter a beciperatnre of about ft50 *C is gerwrabad when tho ©able 
20 ia eonductirg the ssnra current in tha ssire environment* 

In a preferred caroiimsnt, the present invention can be 
utilised for providing a formation-tailored method and apparatus 
for uniformly heating long intervals of subterranean earth 
formations at high terjporature. ^cenrdin? to this /tatted 
25 s»:bterranean intarvaJ-s are heated with an electric heator 

containing at least one spoolable steei-she&.thei mineral- insulated 
cable having a eaUd central core of high electrical conductivity, 
such a coblo can be arranoed to heat the earth Ciena so that 
boat 1* transmitted into the formations at a subs tan tidily uniform 
y> rate, even when the heating involvaa more than about- 330 vatto per 
cnatre at tea^aeraturcs betsween about €00 and 1000 *C. the unlfomlty 
of the bent transmission is ensured by providing the heater %#ihh a 
pattern of electrical resistances with depth within the well 



http://patents 1 .ic.gc.ca/fcgi-bin/any2html 



11/7/2001 



01253555dis.afp Page 6 



Page 2 of 3 



OTTwsiartjcfl with the pattern of heat conductivity wifch depth within 
the wwnxxmding earth formatXans. 

Figure 2 showe a preferred eubndiinant of a wall heater of the 
present invention being installed within a well, hs istoflir a pair 
S of selectively swaged hunter cables with, swaged and unsu&cjed 
portions of the type »shcwr> In Ftguze 1 are being unseeded J.nto a 
vol! from spooling means 5 afld 6 while a support menbar 7, tucfe as 
a wire lino or spoolabla ratal conduit/ is corucurreatly unspoolod 
into the well from a spooling roans (nut tfcewn) . The lower end of 

ID the support aeans 7 Is attached to a motor aceivn 8, stv^i as a 

sinter baz for a vortical well or a curapmble or Other nocor mane 
for a substantially horizontal wVl The lower ends oil the heating 
cable, fivacjea portions lb/ are mechanically attached to a cable 
junction or ent5-conn«ctnr 9 in v?htch the cenductive. coree are 

15 electrically Interconnected (aa shown in acre detail in Figure 4>. 
The junction 9 is alen mechanically connected to the support neater 
7, for exnspLD by a strapping neana 12. The lewor ends of the cable 
porticoa, tjhich are tvagexVfbr increaaed heating, are electrically 
interconnected in the end oonnector f> and positioned to attend 

20 through the zone e&lected tor receiving the .increaaed testing. 

the uoswaged porticnB la of the heat in? cabLea, deaigned far 
minimal heating along th» «ono to be heated, are pnei tinned to 
extend above the swaged portions lb for a distance sufficient to 
reach a zone- which in cool enough for on intej^oxiiection of tlse 

2 S heating cable poctinue la with cowar supply cables 10 by weana of 
joints or splices ll fox electrically and nachanieally inter- 
connecting the power supplying aj*4 heating cables. In© power supply 
cables 10 ore arranged for carrying a elected ancunt of current 
while generating only a minimal amount of heat, Tna details of 

30 suitable tnochanical arjd electrical cable connecting joint* for ubo 
with natal-sheathed nursBrai-inaolafcad power supplying cables are 
illustrated in Figure 3, 

A3 the hearing snA power supply cables 1 and 10 are run intn 
tha wall, along with eJie wintt-aupporting strand the cablee axe 
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periodically attached to the strand 7 by neana of lIojx^s or 
strapping oeans 1.2. Such clamps <tcci arranged to creating a 
faction between the cables and strand which 1b sufficient to 
support the veignt of t)\a lengths of tha cable* which are located 
5 between the clasps. 

Figure 3 illustrates details of preferred arrangement" of 
splices 11. as shewn, tha power supply cable 10 baft a metal sheath 
14, euch as a copper sheatJi, surrcAindiug an insulated olectricaUy 
conductive core 13 having a ccobicvition ot cross-ae=tUanal area and 
10 electrical resistar.ee per unit of length adapting it to carry tha 
current to be uced in the heating operation vhile generating only 
an insignificant anounc of heat. A» shewn, the power cable strath 
14 ae veil as a power cable core 13 are larger than tha sheath 2 
and core 4 of the unswagod portion of beating cablo la. lbs 
15 coniJuctivc cores of the cable are electrically interconnected, 
preferably by wading. In general, the power cable can ortrprise 
substantially any type, of electrically conductive cable which ia 
adequately heat stable at the temperature generated by the tniniimim 
heating portion of a heating cable such as la, tfhere ehe ipaxiauni 
20 selected hearting fceajpex&ture is sufficiently low and/or til* 
distance between the power supply and zene to ba baated is 
adequately short, the power supply cable can cenpriee a irotai- 
sheathed mreral-in^latod soll<^-cored cable which is SQlactively 
swaged to provide tlio elected beafu^jgr ten^eratjjre so that no 
25 splices such a« eclices ll aro needed. 

As shown in Figure 3, a relatively short sleeve 15, such ae "a 
steel sLl«vC/ is fitted around and wldod or braced, car otherwise 
ireehanically attached, to the sheath 14 of the power cable 10. The 
sleeps 15 is preferably selected to have an inner diarneter fanning 
30 an annular *oaco between it and sheath 2 large- enough to 

aocstwodate a shorter steel sleeve 16 fitted around the sheath of 
tte cable la. In a praiurrcd asseufcliiig procedure, before iosertir-g 
the short sleeve 16, a»jbetarfti«illy all of the annular e^aca between 
the cajole core writers 4 and 12 and sleeve 1.5 i" filled with a 
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povdarerl mineral insulating material such as magnesium oxide. The 
irvwUxj.ng material i& prefarably deposited within both Wve annular 
b'pflce tecween the cable core* and the sleeve 15 &s we.U as the 
space between the sleeve 15 and the *k»ath 2 of this oable la, and 
5 vibrated to <xirpact the mass of particl.es* Sleeve 16 am tiien be 
driven Into ere spaua ber&wucn the sleeve 15 and sheath 2 so that, 
the cross of irdneraX insulating perticles in compacted by the 
driving force. Siocvec 15 and Ifi and sheath 2 ore then welded or 
brazed togetlar. 

10 Figure A illustrates details of an end oonnoofcor or spline 9. 

As fibown, cables lb ana ©xtanded through hoiea in a fitccl block 9 
so that short sections lc extend Into a cylindrical opening in tJte 
central portion of the block. Tlie electrically conductive cores of 
the cables axe welded together at veld 17 and the cable shoatha are 

1? -^ided to block 9 at we Ida IB- Prufcrably, the centre! conductors 
□f the cables are surrounded by a herrt stable olectricai inflation 
3L3ch as a nmsa of cnrapac&ed powdered niineral particles and/or by 
disc? of ceramic materials (not shewn) , after which the central 
opening is sealed, for example r by sreldicg-cn piecea ot" steal (not 

20 shown) , wtore the heater is supported , as shown in Figure 2, by 
attaching it to an elongated cylindrical structural member 7, a 
groove is is preferably formed along an exterior portion of end 
eplicQ 9 to mate with tte structural meidbor and facilitate the 
attaching of the end piece bo that member, for example, by a 
strapping means 12. 

Figure 5 shows a preferred type of end connector which 
eliminates the need for cutting and walding a heater ctible to form 
a pair of heater cobles, such as cables 16. heater cable is 
simply bent into a U-turn and toecbanioally clamped to block 20 by a 

30 fcol bed-on clamping plate 21. The block 20 is preferably prendded 
vith groove 77. to facilitate rfjo clanging of it to a cylindrical 
structural nwber such an the cylindrical nembor 7 show in 
Figure 2. 
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in general, rhe power applying eDenents can ccmprie« 
substantially any JVC or IX: syttan capable of causa ng a heator of 
tiia present type ro heat at the selected relatively high rate Surh 
a beating rata cen be abcut 330 watts par metre or nor*. 
5 Ficmre 6 i& a diagram of a preferred fiLrranseneut af 

alternating current olectrioal power supplying clement* suitable 
fox the present typo of heater, f fnis arrangefl«tit Includes cwo 
inverse, parallel, silicon-controlled rentifierB <9CB£) in the 
circuits of hoth elements of a two-element h«ater\ In such a 
10 baLanced system the hbater lugs should J* of. equal resistance 90 
that th3 cable core jtinotion, point A, (wttlvin end connector 9 J can 
remain at 2oro voltaqe or virtual ground pobentiaJ.. lfce sheaths of 
the heater cables are connected to the grounded centre rap of the 
transfioxmsr Hrcnndory. Since point A repreoentB the welded 
15 connection within the end pitce 9, the poeenti.al difference between 
the connection and the housing xi.li bo zero tor all practical 
purposes, These points could be in electrical contact without any 
conduction of current, ftfc points advancing upward alcng the le^s of 
the heater, the potential differ ewua between tho Shaaths and the 
20 central conductor can increase and finally reoch cnaxiflum3 such aa 
plus or minut 240 V. 

Jn various situations in which an elongated space is to be 
neated, the in situ thermal conduction toy vary *i<2nlficantly 
vithin various layers or locations along that space. A luoro hoat 
2f> ooadiactive layer will carry off tha hoat generated by a heater 

.faster than a less conductive layer. tot a result , the tenparature 
maintained by an electrical resistance lio&ter carrying a qiven 
arncunt of current will be lower ccpoflibe a more conductive layer. 
In situations In vhich it is desired to maintain a t Jat or uniform 
20 heating rate along the spue* being heated, it is daairablo to 
reduce tbe heater core cross -fractional area in order to garter ate 
neat at the sans rate as that in other portions of the heater whJch 
are totter. 
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An olectrical reeistoiico tester nan be czueud to scncrate 
selected heattrvsf rates at different locations along the heater )ry 
installing boater sectiaaa containing conductor a af varying crces^ 
actions . 'tfne sjuaLljcar core or oajviuctnr croee-secticne exhibit: nare 

5 resistance to tha edeotracal ran rent flew a\vi thus generate teat at 
a rate higher than would he granted by a thicker core At the wore 
terr^corature. *or exordia, it caw heat at a selected rate at lower 
temperature existing along a relatively more Kent caxSuctive layer 
cor sctiCi v/ithin the space Uiing heated, 

\0 Vno present invention orovicb?r a method of causing a heater 

havirg an electrically conductive core- vhich ie continuous and 
unitary to generate ccnatant and/or selected awcunte of heat along 
one or a multiplicity of different portion* of the heater without 
requiring a Jtolfcitudc of heating cable splices, particularly where 

15 the heating is to ba cccicoeted at. relatively high tonperattiree fur 
long tiires # welding prchleras and epportonitiee for leakage are 
inherent in any cutting and slicing of electrical haatingr cables. 

In respect to aj\ electrical resistance heater coirprising a 
pair of electrically iiiterconnacbad jnatal-sheathed solid niter la 1- 

20 insulates* cable* each containing a malleable aetal. electrically- 
ooTidoctiTO core, few seta of rotary switching dies can ba arranged 
for yxoodtfiny ^percentages of diaicetrical reductions of 6/ 12 1 IB 
and 24 in the initial overall diameter of each cable and its 
conductive core. By reducing one portico of the* cable diameter by 

;! r j 6% and another by 121, the overall reduction ie 9%. such 

pcrocedures, tha overall cross-sectlcoal reductiona for both legs of 
the hMter can be provided in eight steps of roughly lot each. Por 
example , see the following table: 
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OtAMBTitfCftL HEDCCIOTW Cfl^S-!*OTCNAL REDUCTION 

(I) W 
L9G 1 LEG 2 DOMl 1'SES 



0 


6 




6 


6 






12 




12 


12 


45,1 


12 


1.8 


S5»3 


18 


LB 


65,5 


18 


24 


75.0 


24 


24 


64.5 



In such a procedure,, if the *toje-de«aribai pretforrod pcwr 
supply is to be used, it U nacsfisary that each leg of tha hoater 
after reductions iu its cere diameter have en overall resistance 
equalling that of the otter leg after reductions in its care 

S dianeter. This is necessary to ensure tho tero voltage potential of 
the inter ooncoctod coaviuctora in the end piece. Ttos, it is 
liaceseazy to divide the overa.ll extents of electrical care 
reduction* evenly ovor both lengths of the heater. 

BobetanUally any oonprasuive waging procedure which is or Is 

10 substantially equivalent to rotary swaging ceu suitably be used in 
practising the present invention, a^moles of swaging rachinus 
and/or techniques which can ouitably be used are incluRive of diti 
closing swaging machines, such as those ir^nufactured by The 
Torringtco Cu:npanyr or Abbey ftstna Machine Ctwpsny or rem 

75 M?nof acturing, etc. 

Ptwer aa&l-Y cables capebLe of txaosnittiflg the amount of 
current selected to be usod whiie gerttoratiivj only a relatively 
Insignificant amount of heat and bavin? sufficient thermal 
stability for electrical and luxtounicel atiiachment to the notal 
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sheathed cable sclusted for qpenerating a ininiflum attempt of heat can 
suitably be uaed in this Inventton. acanples of suoh cabtee incluria 
those avai-UWa as QiCC/Pyrotcnac (41 rabies. 

la general, in a Rita at ion In which an electrical conductor 
5 need not bo insula bed, the preaant invention can be practised vtth 
substantially any e.Wtricol ccoductor vArich ie continuous and 
unitary (i.e. is a continuous body froo of interconnected ' eagiosiits 
ox strands} end hat; a one or conductor thictaiess (i.e. a cross- 
seceloml area of the electrically cenductivo ireterial) *?hich is 
10 different in different locations along the length of the eleotric&l 
conductor, Preferred elocitrioaZ conductors cnaprise S3iv:;te 
conductive coree of malleable metals or alloys surrounded by a beat 
etahlo eolid jiwlated raterial vitJiln a beat stable tfatal steath 
such ae refractory powder or solid fibre insulating materials 
\5 within copper or stool steathe* A copper core surrounded by 

postered inagrwaium oxide within a copper sheath for use at nooeratu 
tewperaturea, or a stainless steel sheath rbr ucc at nigh 
tejrpcraturea, is particularly preferred. 

In general, the present invention can be utilised to initiabe 
20 and inaiiitajn a subetantiaily unifionn rate of heating along n space 
containing at least erne portion having a relatively l*r rata of 
teat conductivity and/or to estahlich and maintain a relatively 
hi$h rate of hoating along selected portions along a 
. throaghcut which ; the rate of heat conductivity Is nearly urufbrra. 
25 Ifte variations in haat conductivity with distance along an 

elongated path can be detjsrjnined by mean* of numerous knoicn wid 
available de?iue» and teohnic^'uas. 

in a particularly pxefurrod procedure for utilizing the 
pre&ant invention for hearing along a path along which the htsat 
30 conductivity is non-wirbrm, a belection is made of the rate of 
heating bo bo prevlded when an electrical conductor having the 
composition to bo used is conducting the ancunt of current to ba 
used within a honogonacus medium having the lowest heat 
conductivity to ba encountered a Jong the path to be heated. The 
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jiaxivfcBii eiicfcnaas for t'ne fclentrioal conductor to ba usoS ic then 
the thxckneaa vftich provide* that rata of hsatiug in that 
situation, 'the thickness of portions of the conductor to bB 
positioned along portions oi the path, which have higher heat 
0 axiductivitiej are then /rade thinner to aa extant substantially 
compensating for the mors rapid cotvlucting^way of the beat by 
those higher haat carturxivities. 

Alternatively, where it im ceBirabie to generate heat at 
relatively rapid rates along portions of a path tc ba beatad (for 

10 cxarple, along top and hot ton portions of a subterranean earth 
formation) such on arrangement can be n*dd , although ths boat 
conductivity nay be substantially uniform all along tfce path to 1*3 • 
heated. 'Che conductor thiefcness and resistance to be ueed along 
most of tlte cable conductor are select to provide the selected 

15 rate of haating along a hewogenaous naterial having the lioat 

conductivity comico to vnoat of tbo interval to be hearted. Then f tV& 
ttore rapid heatirjg rate along sorted portion? of the path can be 
obtained by thinning the portion* of tba conductor to be extendad 
along those part ion* of. ths path. 
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THE ftMbOT>X>1ttWTR OF THE INVENTION Iff HKTCH AH BXCLUSIV2 
PROPERTY OR PRIVILEGE IS ClAIMEX) £KC DHPIHSD AS tiDI&OUfrt 

1.. In a process In which subterranean earth formations 

within an interval more th.au ion feet long are heatod to a 
temperature of; aore than 600°C. , oo that heat is injected 
substantially \mXf.or».Ly into that interval, an improvement fox 
constructing and installing a heater having an electrical cable 
heating section vnloh ie free of eplicefc, comprising* constructing 

heating cable section by compress tveiy swaging at leaet one 
portion of a junotloo-tree elect deal heating cable to reduce its 
Bi2ft nt »<siid at locist one portion, said cable is at least ab long 
as the earth formation interval to be Seated and comprises an 
ax^ally aligned, malleable, electrically conductive core 
surroundgd by granular uloexal ineulation within a netai sheath, 
bo that *wage<l portion generates heat at a rato higher than the 
onovaged portion; correlating the looation of said nweging with 
the pattern of heat conductivity in the earth formation interval 
80 that at least one compresaively swaged, portion of the cable is 
located along the cable in a poeiuioo «uch that, when tho cable is 
sxtendeU along the earth formation interval to he heated, the 
cowproesjvely ?waged portion is adjacent to a portion of ultc earth 
formation interval in which the heat conductivity ia relatively 
high) connecting said selectively avagert heating cable aoction to 
at leaBt one power supply cahie and tipoolintr the interconnected 
cables j and unepooling the interconnected cables into a weilbore 
along with a weight- supporting metal conduit while periodically 
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au&chluq the caliie* to tUe conduit, and extending the cable b and 
conduit to a dopth at ohicu the coiftfr e*n*iv©Iy svased portions ©i! 
the cable are portioned adjacent, no tU* earth tflra*ticmi havtog a. 
relatively high thermal conductivity. 

SMART & B1CGAR 
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nmraKG rats variant 

ELOKGKUD KK3I9TANCB IXEKTER 

An electrical nsslKtar.ee beaeer capable of generating lwat at 
different rates at different loaitiartc aJcna ita length eocprises a 
ccntinuoca ar>3 unitary electrical conductor bavirq a thickness 
which is different at different locations along ita length. 
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